LaN is synthesized via calcining La2O3 in NH3 and studied as capacitive material for energy storage. A volumetric capacitance of 951.3 F cm -3 was found in 1 mol dm -3 Na2SO4 using a current density of 1 A g -1 , less than 1% loss of capacitance being experienced after 5000 cycles. 87.3% of the initial capacitance remained at a current density of 10 A g -1 . LaN exhibits high capacitances that is attributed to subsurface space charge accumulation with a possible EDLC component. A reversible electrode process ensures long cycle life and favourable electrical charge transfer. The assembled LaN symmetrical capacitor showed high volumetric energy densities, facilitating high duty applications.
Several oxides have shown an impressive performance over the last decade, [5] [6] [7] [8] [9] but they tend to have a relatively low electrical conductivity. 10 This is a fatal flaw for electrode materials since the conductivity is directly related to electrochemical performance. 11 The carbons and the oxides respectively have their own advantages and fatal disadvantages. Materials, under the circumstances, with high bulk density and electrical conductivity are being required.
Most of intermetallics, a type of alloys, can exhibit high electrical conductivity and bulk density, which implies that they are candidates. As one of the intermetallics, LaN crystallizes in an NaCl-type lattice structure: the N atoms occupy octahedral interstices that form from the La atoms connected with metallic bonding and a theoretical bulk density of 6.73 g cm -3 , 12 which suggest that it is an optional material.
Its electrochemical capacitive performance in energy storage has not been developed
and reported yet, even La-based materials either. For a capacitor, two LaN electrodes were joined together by a porous non-woven cloth separator and soaked in the Na2SO4 (aq). The capacitor case is the stainless steel case used in lithium ion batteries (CR2032).
In addition, the electrical conductivity measurement is tested by tabletting resistance method and the LaN electrode for this test is prepared as follows. The LaN powders were tableted as a cylinder with the size of 78.5 mm 2 × 1mm by using the mould. And then, this cylinder electrode was directly used for electrical conductivity measurement using the electrochemical working station in air. All the above reveals that the only LaN phase exists in the material. With the cell parameter, the crystallographic density calculated is ca. 6.68 g cm -3 . The calculated density is lower than the above-mentioned theoretical value, this is maybe due to some zero-dimensional atom point defects existed in the preparation of heat treatment.
Chemical reaction that takes place during the material synthesis can be written: GCD curves performed at some discrete current densities are shown in Figure   2b ). The electrode showed more typical isosceles triangular shapes during consecutive charging and discharging, as expected for electrochemical capacitive charge storage.
Based on the constant current discharge curves between 1 and 10 A g -1 , volumetric capacitances at certain current density are calculated via:
where Cv (F cm -3 ) is the volumetric capacitance, ρ (g cm -3 ) is the density of LaN, ji (A g -1 ) is the specific current density, Δt (s) is discharging time and Δφ (V) is the potential difference during discharge.
The results calculated from equation (2) and some carbon-based materials 13 are shown in Figure 2c ). [ ]
From this, we can determine that the electrode reaction is diffusion-controlled.
Similarly, taking the average values of cathode peaks Jpc and comparing with the average values of the anodic peaks Jpa, the following formula is established.
This expression is a sufficient criterion for high electrode reversibility under diffusion control factor (b), which we suggest has a positive impact on the electrode's cycle life.
Electrical conductivity is another important factor that influences the -11 -electrochemical performance; materials with high conductivity provide sufficient electrons for fast surface redox reactions, ensuring good rate capability. Figure 2e) shows the current-voltage curves of the LaN tested by using linear sweep voltammetry.
The calculated conductivity of LaN through the law of resistance is 0.34 S cm -1 , which is three to five orders of magnitude higher than capacitive oxides that typically show a conductivity of 10 -6 to 10 -4 S cm -1 . 10 The high electrical conductivity leads to a good rate capacity.
EIS during charging or discharging describes electric charges transfer resistance
Rct in some certain potential. A symmetric capacitor was assembled using two identical prepared LaN electrodes and tested for investigating the usability. Figure 3a) shows GCD curves of the symmetric capacitor. According to formula (2), the capacitances are 390. Figure 3b) shows the Ragone plots of this capacitor, activated carbon capacitor and some reported capacitors 17 at their optimal conditions. Volumetric energy density Ev and power density Pv are calculated as:
The LaN symmetric capacitor shows a superior volumetric energy density coupled with a high coulombic efficiency in Figure 3c ) and a high thermal shock resistance in Figure 3d ), indicating the potential value of LaN as a high performance capacitor material.
-13 - A new capacitive material has been synthesized and found for energy storage. A high volumetric capacitance of 951.3 F cm -3 is achieved at 1 A g -1 with less than 1% loss after 5000 cycles. This volumetric capacitance value is 7 to 9.5 times higher than activated carbons. The capacitance gives credit to subsurface space charge accumulation mechanism with a possible EDLC component. A highly reversible electrode reaction that controlled by diffusion and a high, stable electronic conductivity during charging or discharging ensure a long cycle life and electrical charge transfer rate. The LaN//LaN capacitor shows very high volumetric energy densities, which is hope for some volumetric requirement occasions. Further studies will endeavour to elucidate the exact charge storage mechanism in this material.
